The Centers for Disease Control and Prevention (CDC) and many public health jurisdictions continue to advocate for the most sensitive rapid HIV test that is available. Currently, the recommendation is to utilize tests that can detect HIV infection biomarkers within 30 days of infection, when initial immune responses are mounted. The infected patient's IgM response is often used to detect acute infection within a 20-25 days window after infection. This requirement applies to lab-based testing with automated analyzers and rapid, point of care (POC) testing used for screening in a non-clinical setting. A recent study has demonstrated that POC tests using a Protein A-based detection system can detect samples with predominantly HIV-1 IgM reactivity (Moshgabadi et al., 2015) . The OraQuick ADVANCE Ò Rapid HIV-1/2 Antibody Test (OraQuick ADVANCE Ò ) also uses Protein A as the detection protein in the antibody-binding colloidal gold conjugate, so it is expected that the OraQuick ADVANCE Ò Test will also detect samples with predominantly IgM reactivity. This report definitively demonstrates that the OraQuick ADVANCE Ò Test can detect IgM antibodies during an acute infection window period of approximately 20-25 days after infection, and is therefore suitable for use in testing environments requiring adherence to current CDC recommendations.
INTRODUCTION
The Centers for Disease Control and Prevention (CDC) and many public health jurisdictions continue to advocate for the most sensitive rapid HIV test that is available, both to identify positive patients when they are at their most infectious, and to ensure that negative patients are truly negative when starting a pre-exposure prophylaxis regimen (Centers for Disease Control and Prevention and Association of Public Health Laboratories. Laboratory Testing for the Diagnosis of HIV Infection: Updated Recommendations, 2014). Currently, the recommendation is to utilize tests that can detect HIV infection biomarkers within 30 days of infection, when initial immune responses are mounted. Typically, these biomarkers measure the presence of virus, such as p24 antigen or viral RNA, the patient's IgM and IgG immune response to HIV infection, and/or the level of CD4 T cells (see Fig. 1 ). (Fiebig stages) and relative abundance of biomarkers throughout these stages. Different biomarkers allow for detection of infection at different stages, represented by the boxes and labels below the chart. This figure is adapted from Fiebig et al. (2003) .
Full-size  DOI: 10.7717/peerj.4430/ fig-1 For those settings where an automated laboratory instrument is not available or serum/ plasma sample collection is not practical or cost-effective to utilize, a separate guideline for testing in non-clinical settings has been established (Centers for Disease Control and Prevention. Implementing HIV Testing in Nonclinical Settings: A Guide for HIV Testing Providers, 2016). These guidelines recommend that sites use HIV testing technologies that are the most sensitive, cost-effective, and feasible for use by their agency.
Rapid, POC testing is a logical choice for screening in a non-clinical setting. It is important, for the reasons outlined above, that a POC test is still able to detect infection within the 30-day acute infection window period. The only way that this can occur is by the detection of either the IgM antibody response or p24 antigen (Fiebig et al., 2003) . While there is an FDA-approved POC test that detects p24 antigen available today, numerous data has been presented and published showing limited utility of p24 detection in fingerstick whole blood samples due to low sensitivity of the device in the 20-50 pg/ml range compared to automated p24/IgM/IgG assays with sensitivity as low as 0.1 pg/ml (Pebody, 2012; Conway et al., 2014; Lewis et al., 2015) . This lack of sensitivity drives the market towards POC tests that detect IgM antibodies.
A recent study has demonstrated that POC tests using a Protein A-based detection system can detect samples with predominantly HIV-1 IgM reactivity (Moshgabadi et al., 2015) . The OraQuick ADVANCE Ò Test also uses Protein A as the detection protein in the antibody-binding colloidal gold conjugate. Due to this, it is expected that the OraQuick ADVANCE Ò Test will also detect samples with predominantly IgM reactivity. The OraQuick ADVANCE Ò Test has proven performance and patient acceptability that is facilitated by specimen flexibility (Wesolowski et al., 2006 , Pant Pai et al., 2007 , 2012 Zachary et al., 2012 , Reynolds & Muwonga, 2014 , Nkenfou et al., 2014 Martin et al., 2017 
MATERIALS AND METHODS
OraQuick ADVANCE Ò Rapid HIV-1/2 Antibody Test
The OraQuick ADVANCE Ò Test is FDA approved to detect antibodies to human immunodeficiency virus type 1 (HIV-1) and type 2 (HIV-2) in whole blood (from a fingerstick or venipuncture sample), plasma, or oral fluid sample. The assay strip in the device consists of a membrane of nitrocellulose striped with control and test lines. The test line is striped with both HIV-1 and HIV-2 synthetic peptides and modified streptavidin (a biotin-binding protein). HIV-specific antibodies are introduced with the sample, and, if present, will interact with biotinylated HIV-1 and HIV-2 peptides and colloidal gold labeled with Protein A, which are impregnated in different sections of the device. This sample-reagent mixture then flows up the nitrocellulose, with complexed gold particles binding to the test line components in various "sandwich" configurations ( Fig. 3) . The presence of HIV-1 and/or HIV-2 antibodies in the tested specimen is indicated by the appearance of a reddish-purple colored band at the test line location of the device within 20-40 minutes.
Comparison of seroconversion detection by OraQuick ADVANCE

Ò
Rapid HIV-1/2 Antibody Test to IgG/IgM automated assays
The performance of three independent production lots of the OraQuick ADVANCE Ò Test (lot numbers 15070PL0, 6650009, and 6650592) was evaluated across 201 samples from 23 different commercially available seroconversion panels (Table 1) , as described in the package insert. Each panel consists of sequential plasma specimens obtained from a single HIV-infected individual during seroconversion. Five microliters of each seroconversion panel member was spiked into developer solution and three replicates were run per panel member for each lot. Results were read after a 20 minute incubation period. The results were compared to those provided by the seroconversion panel vendor, which were determined using FDA-approved automated IgG/IgM assays.
Detection of IgM antibodies
A previous study characterized samples in commercially available seroconversion panels as containing detectable levels of either IgG-only, IgG and IgM, or IgM-only by depleting all IgM antibodies from the sample then testing with a reference ELISA and a POC antibody test (Moshgabadi et al., 2015) . Due to limited sample availability from the vendor, 15 of the 20 samples identified as being predominantly IgM (greater than 50% of total immunoglobulin content) were utilized in this study. These samples were tested concurrently with the OraQuick ADVANCE Ò Test, and the INSTI Ò HIV-1/HIV-2 antibody test (INSTI TM ; bioLytical Laboratories, Richmond, BC, USA) as described in the original report (Moshgabadi et al., 2015) , following the package insert in each case. In this study, these samples were evaluated using the OraQuick ADVANCE Ò Test by spiking 5 microliters of each sample into developer solution. The device was read after a 20 minute incubation period as per the package insert. The INSTI Ò assay required 50 microliters of sample and the protocol was followed as per the package insert.
RESULTS
Comparison to IgG/IgM automated assays
A total of 201 panel members were tested across the 23 seroconversion panels. Each panel member was run in triplicate and a result was determined to be positive with the presence of a complete test line at or above the limit of visual detection in all three replicates (see Table 2 ). The average performance of the OraQuick ADVANCE Ò Test was compared to the automated EIA data reported in the seroconversion package inserts. Thirteen of the 23 panels had data reported from more than one EIA platform, and in these cases the average of the two or three results was used to compare to the OraQuick ADVANCE Ò Test results. A total of 114 of the 201 panel members tested negative for both EIA and in all three lots of the OraQuick ADVANCE Ò Test. When comparing the overall average of seroconversion detection days after first bleed for EIA to the three lot average, the OraQuick ADVANCE Ò Test detected seroconversion within 1.5 days of the automated IgG/IgM assays (95% CI [-0.1 to 3.1 days]), with three panels being detected earlier by the OraQuick ADVANCE Ò Test, seven on the same day and 13 later.
Detection of IgM antibodies
Among the 15 samples that were characterized as either IgM-only or predominantly IgM ( (Table 3 ). As these samples were shown previously to be reactive (Moshgabadi et al., 2015) , any sample that was initially non-reactive was repeated in triplicate to One sample (950-04-predominantly IgM) was initially scored as non-reactive with the OraQuick ADVANCE Ò Test, but was positive in all three confirmatory tests.
DISCUSSION
The revised HIV testing recommendations published by the CDC and APHL in June, 2014 have focused testing on early detection during the acute phase of infection (Centers for Disease Control and Prevention and Association of Public Health Laboratories. Laboratory Testing for the Diagnosis of HIV Infection: Updated Recommendations, 2014). Lab-based tests typically use automated p24 antigen/antibody HIV screening immunoassays followed, if reactive, by an HIV-1/HIV-2 antibody differentiation immunoassay. The ability to detect p24 antigen and/or IgM allows these assays to detect the acute phase of infection when patients are most infectious. It is well established that persons at high risk for HIV infection, such as gay and bisexual males, injection drug users, and minority populations have a history of not engaging in routine care for a variety of system, social and individual factors (Reimen et al., 2015) . For these populations, as well as those in rural settings, rapid POC HIV diagnostics have been shown to help identify undiagnosed infections and increase screening in all levels of the healthcare system and outreach programs (Tucker, Bien & Peeling, 2013) . It is Table 2 demonstrate that the OraQuick ADVANCE Ò Test is able to detect seroconversion an average of 1.5 days earlier than automated assays. While there were differences between platforms, with average differences ranging from 2.9 days earlier (Genetic Systems, Redmond, WA, USA) to 2.9 days later (BioRad, Hercules, CA, USA), 10 of the 23 panels detected seroconversion with the OraQuick ADVANCE Ò Test at the same time or earlier than the automated assays. It is possible that these panels, and others, would be detected sooner with a test that also includes p24 antigen detection, which highlights a known limitation of antibody-only testing platforms. However, as described above, the only FDA-approved rapid test with p24 antigen does not have sufficient sensitivity in fingerstick whole blood applications (Smallwood et al., 2016) , which is preferred for blood-based testing in non-clinical settings, and drives the POC market towards tests that detect IgM antibodies.
Testing of 15 seroconversion samples that were previously characterized (Moshgabadi et al., 2015) (Table 3) .
CONCLUSION
The results of this study demonstrate that the OraQuick ADVANCE Ò Test can detect IgM antibodies during an acute infection window period. Based on this capability it can be inferred that the test is able to detect seroconversion approximately 20-25 days after infection, and is therefore suitable for use in testing environments requiring adherence to the CDC and APHL recommendations.
